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A 987P fimbriae-producing microorganism, a vaccine for the immunization 
of pigB aa well as a method for production of the vaccine. 

The present invention relates to a 987P fimbriae-producing microorganism . 

Pigs, especially sucking pigs, often suffer from diarrhoea caused by 
enterophathogenic coli bacteria. Even in herd8 where the pig breeder 
aims at a healthy environment for the pigs it is common for the breeder 
5 to experience a considerable loss of sucking pigs on accoint of diarrhoea. 
It 18, for example, common for the pigs of the so-called SPF status to 
suffer from diarrhoea caused by E. coli strains. 

The pathogenic coli strains are characteristic by producing toxins and 
also by carrying type KBB, K 99 or 9B7P fimbriae which fix the bacterium 
10 to receptors on the epithelium of the intestine. These fimbriae are thread- 
like protein structures which consist of amino acid chains with a mole- 
cular weight of between 16,000 and 28,000 Dalton. 

The enterophathogenic coli strains lose their pathogenic characteristics 
when they no longer express their adherence antigen, also even if they 

15 still produce toxins. E. coli diarrhoea in pigs can, therefore, be avoid- 
ed by preventing the bacteria from adhering to the intestinal wall. 
Administration of antibodies against K88 fimbriae counteracts e.g. co- 
lonization of K88 fimbriae-producing strains on the intestinal wall, and 
the enteropethogenic coli bacteria can, therefore, no longer exercise 

20 their toxic effect in the inters tinal tract. 

987P fimbriae-producing coli bacteria have not been examined to the same 
extent as KBB and K99 fimbriae-producing bacteria, but in vitro experi- 
ments have shown that the adherence of 987P fimbriae-producing coli 
bacteria to the intestinal epithelium of pig8 can be impeded by purified 
25 Fab-fragments of specific 987P antibodies, just as it has been proved that 
purified 987P fimbriae impede the adherence of the bacteria to the in- 
testinal epithelium. It means that 9B7P fimbriae can serve for the immuni- 
zation of pigs against pathogenic E. coli bacteria of serotype 9.87P. 

R.E. Isaacson and P. Richter have in J. Beet. 146 , p. 784-789, (1981) 
50 described the production of purified 987P fimbriae which may be used in 
such a vaccine for the. immunization of pigs against pathogenic coli 
bacteria of seroype 987P, but the resultant production of fimbriae is 
low so that the vaccine becomes expensive. 
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It has now quite surprisingly been found that there are E. coli strains 
which produce 9B7P fimbriae in several tines higher quantities than the 
strains known so far. It has thus become possible to product the above- 
mentioned vaccine against pathogenic coli bacteria in a considerably 
5 less cost-consuming way. Besides, the. E. coli strsins dealt with can in 
some cases be used directly in the crude form as vaccine because as com- 
pared to the amount of fimbriae they contain many times smaller amounts 
of toxins. 

Accordingly, a 987P fimbriae-producing microorganism has been obtained 
10 according to the invention, which microorganism has 987P fimbriae in an 
amount corresponding to five percent or more by weight of its protein 
content. 

Different protein determination methods can be used for determination of 
the 9B7P fimbriae-production of a microorganism, e*g. the Lowry method 
15 (see 3. Biol. Chem., 193, 265, (1951)) or electrophoresis, e.g. SDS-page 
electrophoresis. 

According to the invention the microorganism may be a 9 87P -producing E* 
coli bacterium. It may be a natural toxin-producing coli bacterium or an 
artificially produced cali bacterium from which the toxin-producing 
20 characteristic has been removed or weakened, e.g. by genetic engineering. 

The bacterium may also be a naturally non-toxic coli bacterium wSose chro- 
mosome has been replaced partially, e.g. by a genetic engineering techni- 
que , by parts of the chromosome from the 987P fimbriae-producing E. coli 
bacterium in question. Chiefly, only the gene responsible for the 987P 
25 fimbriae production has been transferred, but on the other hand not the 
gene which is responsible for the toxin production. Such a bacterium 
without toxin-producing characteristics has the advantage of being direct- 
ly applicable as a vaccine, with no risk of harming the vaccinated animal. 

It is possible through genetic engineering to transfer genes from a chromo- 
30 some to plasmids which in turn are transferred to a non-toxic cell. The 
organism according to the invention may, therefore, also be a non-toxic 
E. coli bacterium which contains a plasmid with the above mentioned gene 
for pr duction of 987P fimbriae. 
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The microorganism according to the invention produces 9B7P fimbriae e.g.. 
in an amount corresponding to 5-15 percent by weight of its protein 
content. By experiment an £• coli strains has thus been produced which 
produces 9B7P fimbriae in an amount corresponding to approx. 10 percent 
5 by weight of its protein content. This strain is deposited with National 
Collection of Type Cultures (NCTC), England, under No. 11,665. 

Accordingly, the microorganism according to the invention in the chromo- 
some may contain the entire gene or a fragment of the gene responsible for 
the fimbria production of the E. coli strain deposited under No. 11,665 
10 in the NCTC. 

The organism according to the invention may thus be the deposited strain 
itself or an organism which through genetic engineering has obtained its 
987P fimbriae- producing characteristic from the said strain. 

The gene for 987P fimbria production of the said strain can also be 
15 transferred to a plasmid of another organism through genetic engineering. 
Accordingly, the microorganism according to the invention may contain a 
plasmid with a fragment responsible for the fimbria production of an E. 
coli strain deposited under No. 11,665 in the NCTC. 

The microorganism according to the invention can be used for production 
20 of a vaccine for the immunization of pigs against pathogenic 987P fim- 
briae-carrying E. coli bacteria. 

Accordingly, the invention also relates to a vaccine for the immunization 
of pigs. The vaccine according to the invention is characteristic in that 
it contains whole cells and/or cell wall material of a microorganism which 
25 produces 987P fimbriae in an amount corresponding to five percent or more 
by weight of its protein content together with a carrier substance and/or 
an adjuvant. 

The vaccine may thus contain living or dead whole cells of the micro- 
organism. If the organism has no toxin-producing gene the vaccine can be 
30 administered without hesitation. If on the other hand the organism is 
toxin-producing, like the above-mentioned E. coli strain NCTC No. 11,665, 
the vaccine should be sdminstered with caution in order to avoid disease- 
causing attacks of diarrhoea. 
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As a rule, sows will be able to resiat a toxin-containing vaccina and 
transfer the antibodies formed to their sucking- pigs via the colostrum. 

On the other hand, sucking pigs will not be able to resist a toxin-con- 
taining vaccine. In this case a vaccine of non-toxic whole cells can be 
5' used, or a vaccine of non-tb'xic parts of the cell wall material from 
toxic cells, e.g. the purified fimbriae of the cells. 

Ordinary feed and aqueous solutions- can be used aa carrier substances, 
e.g. a physiological NaCl aolution. 

Aluminium hydroxide such as "Alhydrogel" from Superfos can be uaed as 
1*0 an adjuvant. 

The vaccine according to the invention can be injected parenberally, e.g. 
subcutaneously or intramuscularly, into the animal so that antibodiea are 
formed which prevent natural toxic E. coli bacteria from adhering to the 
intestinal epithelium where they might otherwiae give off diarrhoea- 
T5 causing toxins. 

A vaccine of living cells can be administered orally which is an economic 
advantage e.g. with sucking pigs. The fimbriae of the vaccine will occupy 
the receptors of the intestinal wall, which will not be accessible aa a 
place of adherence for natural toxic E. coli bacteria. 

20 Oral administration of the vaccine may also cause formation cf antibodies 
in the intestinal wall which will amplify the protective effect which is 
obtained by occupation of the intestinal receptors for 987P fimbriae. 

Oral or parenteral administration into. sows will cause formation of anti- 
bodies which via the sow's colostrum are transferred to the sucking pigs 
25 which are protected against coli diarrhoea. In order to produce the said 
formation of antibodies 2.5-5 mg of fimbria protein can be injected 
intramuscularly into aows six and three weeks before farrowing i In the 
case of re-vaccination it will only be necessary to vaccinate the sows 
three weeks before farrowing. 

30 A microorganism in the form of a 987P fimbriae-prdducing E. coli bac- 
terium can be used for the vaccine. Chiefly an organism is used which 
has 987P fimbriae in an amount corresponding to 5-15 percent by weight 
of its protein content. 
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Tbe vaccine according to the invention can be produced on the basis of 
a microorganism which in the chromosome contains all the genes or a 
fragment of the gene responsible for the fimbria production of an E. coli 
strain deposited under No. 11,665 in NCTC. 

5 The vaccine according to the invention can also be produced on the basis 
of a microorganism which contains a plasmid with a fragment of the gene 
responsible for the fimbria productiion of an £• coli strain deposited 
under No. 11,665 in NCTC. 

The vaccine according to the invention can also be made on the basis of 
10 a the E. coli bacterium NCTC No. 11,665 itself or an organism which has 
been given the 987P fimbriae-producing characteristics by genetic en- 
gineering. 

The invention also relates to a method for production of the above-men- 
tioned vaccine, and this method is characteristic in that a microorganism 
15 which produces 98 7P fimbriae in an amount corresponding to five percent 
by weight of its protein content is cultured. If desired, the micro- 
organism is then killed and the cell wall material comprising 9B7P fim- 
briae is isolated whereupon it is mixed with a carrier substance and/or 
an adjuvant. 

20 The invention is explained in greater detail in connection with the 
following examples. 
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* 

Example 1 . 

Isolation of Fim+ colonies 

A test tube with 10 ml BHI (Brain Heart Infusion Broth, Oifco) is seeded < 
with an E. coli~ strain, serotype 09: K103: 9B7P, received from the 
5 State Serum Institute, Copenhagen. Culturing is carried out for 14 days 
at 37°C without shaking. 

If a bacterium ia fimbriated, it fills more relative to its weight, and 
fimbriated bacteria cells will, therefore, have a tendency to seek 
towards the surface during culturing without shaking. 

10 Accordingly, samples are only drawn from the surface layer of the seeded 
tube. They are spread on blood agar plates consisting of BHI with 25S 
agar and 5% red blood cells from horses and cultured for 16 hours at 
37°C. The white colonies are tested with an antiserum which agglutinates 
with 9B7P fimbriae (serotype 020:987P). Few colonies show aggluti- „ 

15 nation during this first culturing. 

A test tube with 10 ml BHI is seeded with samples from the surface layer 
in the tubes which show the strongest agglutination and they .are cultured 
for five to eight days without shaking at 37° C. 

Samples from the surface layer in the test tubes are seeded into new 
20 test tubes with 10 ml BHI and cultured without shaking at 37°C. After two 
to three days pellicles appear on the surface in some of the tubes. 
Samples of the pellicles are spread on blood agar plates, and the white 
colonies are tested for agglutination. Considerably more agglutinating 
colonies are now obtained. 

25 After repeated re-seedings of agglutinating colonies and of pellicle 
layers in BHI and culturing at 37°C for two to three days without shaking , 
cultures are obtained with an increasingly higher frequency of bacteria 
in the Fim 4 " phase . 

After approx. 1 1/2-2 months colonies are isolated ■ which after re-seed- 
30 ing on a fresh blood agar plate every day remain in the Fim + phase during 
the whole of the subsequent test period of approx. three months. 
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Obtainment of NCTC 11,665 

CXilturing of the Fim+-atable colonies is continued in BHI under the same 
conditions as described above , and the pellicle which has formed is 
spread and cultured on blood agar plates. 

5 In order to examine the fimbria production of the colonies the cells 
are boiled in a buffer containing 3* SDS (Sodium dodecylaulphate) and 
1% 2-mercaptoethanol , and the protein material obtained is examined 
by electrophoresis, A drop of the material is mixed with a drop of a 
987P fimbria preparation on an SDS polyacryl amide-gel and developed with 
10 Coomassie Brilliant Blue G (see Example 2 for further details). On the 
basis of the 987P fimbria band (23 r 000 Dalton) It is possible to make 
an estimate of the fimbria production of the cells. There are none or 
only weakly coloured bands corresponding to a low fimbria production 
of the colonies. 

15 It is tried to separate coloured bands further using Western blotting 
which confirms that the protein in the band is 987P fimbriae. 

After many re-seedings without major changes, a colony appears un- 
expectedly which gives- a strongly coloured band by electrophoresis. 
It is a special coli strain which produced 987P fimbriae in an except- 
20 ianally high amount as the fimbria protein constitutes a much higher 
proportion of the total protein content of the cell, evaluated from 
the degree of colouring of the protein bands. 

The strongly fimbriae-producing coli strain was deposited with the NCTC 
under No. 11,665. 

25 Example 2 

Culturinq 

1 litre of BHI bouillon is seeded with the NCTC 11,665 strain, and in- 
cubation takes place at 37°C for approx. 16 hours during shaking. 

Extraction of 987P fimbriae 
30 The 987P fimbriae-carrying cells formed during culturing are extracted, 
and the fimbriae are purified according to the method described by 
Isaacson and Richter in J. Bact. 146, p. B74-7B9 (1981). 
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Tho cultura mediun is centrifuged at 10,000 rev./min. for Bpprox. 10 
minutes at 4°C, and^the precipitate is suspended in 100 ml of 0.01 M 
HOPS (3-N-marpholino) propane-sulphonic acid), (pH 7.2), The suspension 
is homogenised in an Omni mixer for approx. 10 minutes, and the homo- 
5 genised suspension is centrifuged at 10,000 rev./min. for 10 minutes. 
The supernatant is decanted and its pH is adjusted to 3.9 using 1 N 
acetic acid. After shirring for half an hour the fimbriae are preci- 
pitated, and the suspension is centrifuged for 20 minutes at 12,000 
rev ./rain. The precipitate is dissolved in 50 ml MOPS during stirring on 
10 an ice bath for at least three hours, stands for 16 hours at 4°C, and is 
stirred on an ice bath for one hour. The solution is centrifuged at 
12,000 rev./min. for 20 minutes to remove ^dissolved material. 

An equal volume of a crystallization buffer is added to the supernatant. 
The buffer consists of 0.09 M MOPS (pH 7.2), 0.2 M MgCl 2 and 1.7S NaCl. 
15 During stirring an an ice bath for half an hour, the 987P fimbriae are 
precipitated and collected by centrifugstion at 10,000 rev./min. for 10 
minutes. 

The precipitate is re-suspended during stirring in MOPS, and the suspen- 
sion is treated in the same way as described above. The solution obtain- 
20 ed is centrifuged at 12,000 rev./min. for 20 minutes at 4°C. The super- 
natant contains the 9B7P fimbriae in a dissolved state. 

The above described procedure consisting of addition of a crystallization 
buffer to the supernatant, collection of precipitated material by centri- 
fugation, dissolution of the precipitate in MOPS, and centrifugation of 
25 the solution for obtainment of a supernatant solution of 987P fimbriae 
is repeated at least four times. 

The last crystallization results in a pure white precipitate of 9B7P 
fimbriae which after freeze-drying weighs 250 mg corresponding to approx. 
1CK cf the total protein content of the collected cells. 
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Purity and yield 

The purity and yield of the individual stages are determined by SOS-page 
electrophoreais according to Laemmli, Nature, 227, 680-685, (1970). For 
the electrophoresis a 152 low bis-polyacryl amide-gel is used which con- 
5 sists of 11.9 mg H 2 0, 15 ml 4051 acrylamide, 2 ml 1.5% bis-acryl amide, 
400 ul 10% SOS, 400 ul 10% glycerol, 300 ul 10% ammonium persulphate 
solution, and 20 ul TEWED in 10 ml 1.5 M Tris-H 2 0, (pH 8.8)- A 6% stacking 
gel is used which consists of 9,5 ml H2O, 3 ml 40% acrylamide, 2.1 ml 
1.5% bis-acrylamide, 200 ul 10% SDS, 100 ul 10% glycerol, 150 ul ammonium 
10 persulphate and 20 ul TEMED in 5 ml 0.5 M Tria-HCl (pH 6.8). 

The sample is boiled for two minutes in a buffer containing 3% SDS and 
1% 2-mercaptoethanol and transferred to the gel. 25 mM Tria-HCl and .250 
mM glycine in a 1% SDS solution are used as electrophoresis buffer. The 
electrophoresis is carried oud at 85 V for 14 hra (corresponding to approx. 
15 1 200 volt hours). The gel is developed by Coomassie Brilliant Blue G. 

At a molecular weight of 23,000 Dalton there are very strong bands of 
987P fimbriae in both culture medium, intermediate products and final 
products, compared to the bands from the previously isolated 9B7P 
fimbriae-producing E. coli bacteria. 

20 In a similar way, yield and purity are followed using Western blotting. 
The protein material is fractionated by means of the above-mentioned SDS- 
page electrophoresis, but instead of the 15% low bis-polyacrylamide-gel 
a 15% high bis-polyacrylamide-gel is used. The fractionated protein sub- 
stances are blotted onto nitrocellulose paper at a voltage of 25 V for 16 

25 hours. The paper or filter is washed in water for approx. one minute, 
in Tween buffer (10 mM Tris-HCl, 155 mM NaCl in 0.5% Tween 20 (pH 7.4)) 
for 30 minutes, and again in water for one minute. The filter is placed in 
a large glass tube, and rabbit antiserum (09:K103:987P) dissolved in Tween 
buffer is added. The tube is closed and rotated for 60 minutes. The filter 

30 is washed in water for one minute, in Tween buffer for half an hour, again 
in Tween buffer for half an hour, and then in water for one minute. 
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The filter is incubated in a glaaa tube with protein A conjugated with * 
peroxidase (from Sigma Laboratories) and washed twice with Tween buffer 
for half an hour. The filter is placed on a glaaa plate for development 
of colour and is then covered with a freshly made substrate solution (BO 
5 mg dioctylsodiura sulphosuccinate (DONS) and 24 mg tetramethylbenzidine 
(TMB) dissolved in 10 ml ethanol added to 30 ml mM citric acid and 20 mM 
Na2 HP °4 (20 ul 405 H 2 0 2 is added just before use). The colour development 
is stopped with a stop buffer, 

10 Strong colourings are again seen opposite to the band corresponding to the 
987P fimbriae protein, and the purity of the 9B7P fimbria product proves 
.■ to be high since there are no other bands with the homologous antiserum 
used. 

The purity of the product is confirmed by determination of the amino acid 
15 composition as described by Klemm in Eur. 3. Biochenu, 117, p. 617-627, 
(1981). \ , ■ . . 

The product proves to be more than ?B% pure which is in accordance with 
the SOS-page electrophoresis. The analysis for amino acids is in accord- 
ance with the fact that the N-terminal amino acid in 9B7P fimbriae is 
20 alanine (Isaacson and Richter, 19B1). 

Amino acid sequencing 

Manual Edman degradation was carried out on the obtained 9B7P protein as 
described by Klemm in the 3. Biochenu, 117 ,, p. 617-627 (1981). The follow- 
ing sequence was found: Ala - Pro - Ala - Glu - Asn - Asn - Thr - Ser - 
25 Glx - Ala - Asx - Leu. 

Example 3 ■ 

Production of oral test vaccina 

A culture of the NCTC 11, 665 bacterium is spread on a blood agar plate and 
cultured at 37°C for 16 hours. White colonies are seeded into 10 ml BHI * 
30 and incubated at 37°C for 16 hours. 0.1 ml of the culture medium obtained 
is inoculated into 200 ml UHT milk which is kept at 37°C without shaking 
for 16 hours. 
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Production of Intramuscular test vaccine 
. 150 mg of the fimbria product obtained in Example 3 ia suspended in a 
solution consisting of 240 ml 0.9% NaCl solution and 60 ml Alhydrogel. 

Production of a challenge bacterial culture 
5 10 ml BHI is inoculated with" three different heterologous toxic bacterial 
strains, all of serotype 987P. Culturing is carried out for 16 hours at 
37°C during shaking. The culture "medium obtained is poured into 100 ml 
BHI, and cultured for 16 hours at 37°C during shaking. 

Vaccination teat 

10 A total of 28 pregnant sows are used for the test. A control group of eight 
sows ia give/i a normal feed. Another group of sows is given a feed into 
which 200 ml of the oral te8t vaccine is mixed on three subsequent days, 
at the latest 10 days before farrowing, 

i 

A third group of sows is given a normal feed, but they have 5 ml of the 
15 intramuscular vaccine injected six and three weeks before farrowing. A 
fourth group of sows i a also given normal feed, but they receive the 
recommended dose of 2 ml of another 987P fimbriae-containing vaccine in- 
tramuscularly six and three weeks before farrowing. 

The udders of all the sows are swabbed morning and evening with the 
20 challenge bacterial culture from one day before farrowing till one day 
after farrowing. 

The faeces of the sucking pigs are examined one day after farrowing by 
means of a swab test and evaluated according to the following scale: 

25 0 = normal firm to semi-soft faeces 

+ = soft, mucous faeces 

++ = soft to watery faeces 

+++- = profuse watery diarrhoea, dehydration 

. It can be seen from the results in Tables 1 and 2 that the vaccine 
30 according to the invention administered to sows before farrowing reduces 
the occurrence of diarrho a and the mortality of the sucking pigs exposed 
to toxic 987P E. coli bacteria. 

It- also appears from Tables 1 and 2 that the vaccine according to the 
invention is more effective against diarrhoea than the commercial vaccine. 
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Table 2 



I Experimental | 
I series . . . . , | 


Diarrhoea 
. attscke 
(++ and +++) 


I Mortality | 
(dead suck- ! 
I inq pigs) I 


] 1) Control group } 


88.6% | 


24.95 | 


I 2) Oral vaccine acc. | 
I to invention | 


18. 25 | 


2.35 | 


I 3) Intramuscular | 
I vaccine according | 
I to invention I 


21.75 - ! 


1.75 [ 


4) Intramuscular | 
commercial vaccine | 


53,65 | 
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Claims 

1. A 987P fimbriae-producing microorganism, characterized by 
9B7P fimbriae in an amount corresponding to five percent or more by weight 
of its protein content. 

5 2. A microorganism as claimed in claim 1, characterized in 
that it is a 9B7P fimbriae-producing E. coli bacterium. 

3. A microorganism as claimed in claims 2-3, character ized 
.. by 987P fimbriae in an amount .corresponding to >-1 5 ^percent by weight 
of its protein content. 

10 4. A microorganism as claimed in claims 1-3, characterized 
in that, it contains in the chrome some the entire gene or a fragment of 
the gene responsible for the fimbria production of an E. coli strain 
deposited under No. 11,665 in the NCTC. 

5. A microorganism as claimed in claims 1-4, characterized 
15 in that it contains a plasmid with a fragment of the gene responsibls for 
the fimbria production of an E. coli strain deposited under No. 11,665 
in the NCTC. 

6* A vaccine for the immunization of pigs, characterized in 
that it contains lrfiole cells and/or cell wall material of a microorganism 
20 which produces 987P fimbriae in an amount corresponding to five percent or 
more by weight of its protein content, together with a carrier substance 
and/or an adjuvant. 

7. A vaccine as claimed in claim 6, characterized in that 
the microorganism is a 987P fimbriae-producing E. coli bacterium. " 

25 8. A vaccine as claimed in claims 6-7, characterized in that 
the microorganism has 987P fimbriae in an amount corresponding to 5-15 
percent by weight of its protein content. 

9. A vaccine as claimed in claims 6-8, characterized in that 
the microorganism in the chromosome contains the entire gene or a frag- 
30 ment of the gene responsible for the fimbria production of an E. coli 
strain deposited under No. 11,665 in the NCTC. 
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10. A vaccine as claimed in claims 6-9, characterized in that 
the microorganism contains a plasmid with a fragment of the gene respons- 
ible for the fimbria production of an E. coli strain, desposited under 
No, 11,665 in the NCTC. 

5 11* A method for production of the vaccine as claimed in claim 6, 
characterized in that a microorganism is cultured which ■ 
produces 987P fimbria in an amount corresponding to five percent or more 
by weight of its protein content and if desired; the microorganism is 
killed and the cell wall material comprising 987P fimbriae is isolated, 

10 whereupon it is mixed with a carrier substance and/or an adjuvant, 

1 12. A method as claimed in claim 11, characterized in that a 
. 987P fimbriae-producing E. coli bacterium is used. 

t3. A method as claimed in claims 11-12, characterized in 
that an organism is used having 987P fimbriae in an amount corresponding 
15 to 5-15 percent by weight of its protein content. 

14. A method as claimed in claims 11-13, characterized in 
that an organism is used containing in the chromosome the entire gene or 
a fragment of the gene responsible for the fimbria production of an E. 
coli strain deposited under No. 11 *665 in the NCTC. 
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